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osting by EAbstract Eyelid reconstruction requires an understanding of normal eyelid anatomy and function.
A thorough understanding of the basic anatomy, contour, and mobility of the eyelids is essential in
restoring the tissue to its presurgical level. There are many different surgical options to assist in the
repair of full thickness eyelid defects involving the margin. Direct wound closure depends on eyelid
laxity and is often possible with smaller defects. Moderate to larger sized defects are often under
undue wound tension if direct closure is attempted. We have developed a new technique for closure
of eyelid defects using a transconjunctival cantholysis to release the lateral canthal tendon cruces,
thereby avoiding the external incision while still allowing for eyelid mobility. Using this technique
for defects 15 mm in horizontal eyelid margin length or greater, we have found positive results.
Direct closure of eyelid defects represents the most straightforward technique to repair any full-
thickness eyelid defect and provides maximal functional and cosmetic results. Internal cantholysis
represents an excellent option for repairing smaller and even larger full thickness eyelid defects. Eye-
lid mobility increases by 4–10 mm, sometimes more, and allows for closure of defects larger than
even 20 mm.
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Eyelid reconstruction requires an understanding of normal
eyelid anatomy and function. The eyelids distribute the tear
ﬁlm through blinking and protect the cornea from exposure.
Eyelid defects commonly occur with trauma, congenital condi-
tions or from surgical procedures such as Mohs micrographic
surgery (MMS). Repair of eyelid defects should maintain the
functionality of the eyelids as well as overall cosmesis of the
face. The goals of eyelid reconstruction are functional and aes-
thetic restoration.
A thorough understanding of the basic anatomy, contour,
and mobility of the eyelids is essential in restoring the tissue
to its presurgical level. The upper eyelid margin lies approxi-
mately 1–2 mm inferior to the superior limbus with a marginal
reﬂex distance (MRD) of 3–4 mm, and the lower eyelid lies at
or just above the level of the inferior limbus, with a MRD2 of
5–6 mm (Rose et al., 2002). The horizontal interpalpebral dis-
tance typically measures 28–30 mm and the vertical interpalpe-
bral distance typically measures 9–12 mm (Rose et al., 2002).
Clinically signiﬁcant racial and gender variations to these mea-
surements exist. Kunjur et al. describes these differences by
comparing 6 groups (White male, Indian male, Asian-Chinese
male, White female, Indian female, and Asian-Chinese female)
(Kunjur et al., 2006). The horizontal palpebral distances in
men were noted to be 27.6 mm (White male), 30.3 mm (Indian
male), and 28.8 mm (Asian male) (Kunjur et al., 2006). The
horizontal palpebral distances in women were noted to be
26.5 mm (White female), 28.2 mm (Indian female), and
26.8 mm (Asian female) (Kunjur et al., 2006). The vertical pal-
pebral distances in men were noted to be 10.2 mm (White
male), 10.5 mm (Indian male), and 9.5 mm (Asian male)
(Kunjur et al., 2006). The vertical palpebral distances in wo-
men were noted to be 9.8 mm (White female), 10.7 mm (Indian
female), and 10.6 mm (Asian female) (Kunjur et al., 2006).
Reconstruction should attempt to restore interpalpebral dis-
tance to maintain function, symmetry, and cosmesis.
Reconstruction should also account for the various layered
structures within the eyelid.
The eyelid tissues can be divided into two lamellae. The
anterior lamella consists of skin and orbicularis oculi and pro-
vides skin coverage and blood supply to the eyelid. The poster-
ior lamella consists of tarsus and conjunctiva and acts as a
nonabrasive mucosal lining (Jones, 1961). The tarsus provides
structural support for the eyelids with the superior tarsus mea-
suring 10–12 mm vertically and the lower measuring 3–5 mm
vertically (Wesley et al., 1980). The upper eyelid retractors con-
sist of the levator palpebrae superioris and Muller muscles,
while the corresponding lower retractors consist of the capsu-
lopalpebral fascia and inferior tarsal muscle (Rose et al., 2002).
The orbicularis oculi muscle is divided into orbital, preseptal
and pretarsal components. The pretarsal component connects
to tarsus anteriorly and to the lateral canthal tendon and
Whitnall’s tubercle laterally. The perceptual and orbital com-
ponents connect to the medial central ligament medially and
to the the sigma laterally (Rose et al., 2002). The orbitalseptum divides the superﬁcial eyelid structures from the deeper
orbital tissues and attaches to the orbicularis oculi muscle
anteriorly, and the lateral canthal tendon and Whitnall’s tuber-
cle laterally. The orbital septum also helps to form the arcus
marginalis with orbital rim periosteal tissue (Rose et al.,
2002). Two major tendons, the medial and lateral canthal ten-
dons, anchor tarsus and the eyelids to deeper structures within
the orbit. The medial canthal tendon (MCT) inserts into the
anterior and posterior lacrimal crest. The lateral canthal ten-
don (LCT) inserts into the zygoma (Rose et al., 2002).
The arterial supply of the upper eyelid arises from the supe-
rior marginal arcade and the peripheral arcade. The lower eye-
lid receives its supply from inferior marginal arcade (Rose
et al., 2002). This arcade is typically severed in traditional
external canthotomy and cantholysis during eyelid tightening
procedures. The venous drainage is through the ophthalmic
and facial veins. The lymphatic drainage is through the preau-
ricular lymph nodes laterally and submandibular lymph nodes
medially. The sensory innervation of the eyelids is through the
ophthalmic branch of trigeminal nerve for the upper eyelid and
the maxillary branch for the lower eyelid (Rose et al., 2002).
The lateral canthal tendon (LCT) plays a key role in many
types of eyelid reconstructive procedures. Anatomic and histo-
logic examinations of the LCT demonstrate its complexity.
The lateral canthus typically inserts approximately 2 mm high-
er than the medial canthus (Rose et al., 2002). The lateral can-
thal tendon itself is formed from a condensation of multiple
sources, with the largest component consisting of the superior
and inferior projections of the superior and inferior tarsal
plates. Medially, it has attachment points to the lateral aspect
of the tarsi and pretarsal orbicularis oculi muscle ﬁbers (Gioia
et al., 1987). Laterally, the LCT inserts about 1.5 mm posterior
to the orbital rim and has length of 10.6 mm from its insertion
point to the lateral canthal angle (Gioia et al., 1987). Superi-
orly, the LCT is connected with lateral horn of the levator apo-
neurosis and Whitnall’s ligament and inserts 9.7 mm inferior to
the frontozygomatic suture (Gioia et al., 1987). Inferiorly, the
LCT is connected to Lockwood’s ligament. Posteriorly, the
LCT is contiguous with check ligament of the lateral rectus
muscle and attaches to Whitnall’s tubercle (Gioia et al.,
1987). The lateral canthal tendon is a ﬁbrous attachment be-
tween the orbicularis oculi muscle and tarsus with the lateral
orbital tubercle, providing a point of ﬁxation for the eyelids.
The LCT also imparts mobility to the canthus via its attach-
ments to the check ligament of the lateral rectus muscle (Rose
et al., 2002). These multiple projections and attachments of the
LCT create a retinaculum that supports the lateral eyelid.
Reconstruction in this area must account for these various fan-
ning attachments.
There are many different surgical options to assist in the re-
pair of full thickness eyelid defects involving the margin
including direct closure, ﬂaps, tissue grafts, or a combination
of these. The method of repair depends on tissue laxity and size
of the defect and each option has its advantages and disadvan-
tages. The basic wound repair algorithm recommends direct
closure if possible, avoiding notches, avoiding excessive wound
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ophthalmos or eyelid retraction. Excessive wound tension also
prevents proper healing, can lead to notches, and tissue necro-
sis. When tension or defect size prevents direct closure, other
means may be considered.
Direct wound closure depends on eyelid laxity and is often
possible with smaller defects, typically those less than 1/3rd of
the horizontal eyelid margin length. Direct closure allows for
reconstruction using tissues with similar texture, thickness,
and color. It also recruits lashes to the eyelid defect. If the eye-
lid margin is repaired under tension, a notch can form.
Notches can be unsightly and the scar tissue associated with
them can cause trichiasis. Thus a major disadvantage of direct
closure is the limitations imposed by wound defect size and the
requirement to minimize wound tension.
Moderate to larger sized defects are often under undue
wound tension if direct closure is attempted. One option to
mobilize tissue in these cases is external canthotomy and can-
tholysis of the lateral canthal tendon (McCord and Nunery,
1981). The skin incision divides the lateral canthus into
halves. The tissue is dissected to the periosteum and the crus
of the lateral canthal tendon is exposed (McCord and
Nunery, 1981). The tendons are then severed from their
attachments to Whitnall’s tubercle (McCord and Nunery,
1981). This mobilizes tissue to close the defect. The eyelid de-
fect is closed and the lateral canthus is reconstructed. Exter-
nal canthotomy and cantholysis represent an excellent
technique for mobilizing tissue to assist in defect repair, how-
ever it suffers from several disadvantages. By creating an
external incision, this technique increases wound morbidity
and patient discomfort. It requires multi-layered closure,
which can produce deep-suture granulomas and increases su-
ture load. While the external incision typically heals well, it
can leave a visible scar and may heal with contour abnormal-
ities, pigmentation irregularities, or skin texture changes.
Most importantly, however, the external canthotomy recruits
tissues without lashes laterally to repair the eyelid defect. This
results in a laterally reconstructed eyelid margin devoid of
lashes which lessens the cosmetic result. The granulation of
the eyelid margin can also produce a keratinized lateral eyelid
margin that may lead to mechanical keratopathy. We devel-
oped an internal approach to cantholysis in order to obviate
these disadvantages.
When external canthotomy and cantholysis is insufﬁcient
to close a larger defect, a lateral rotation ﬂap such as the Ten-
zel or Mustarde semicircular ﬂap can be used (Tenzel et al.,
1978). The incision begins at the lateral canthus and curves
superiorly (for an inferior eyelid defect) and temporally in a
semicircular fashion, creating a skin and muscle ﬂap (Tenzel
et al., 1978). The incision curves inferiorly and temporally
for superior eyelid defects (Tenzel et al., 1978). The skin and
orbicularis are incised. After an external canthotomy and can-
tholysis, the ﬂap can be advanced medially to assist in closure
of a larger defect. The lateral canthus must be reconstructed
by suturing the surface of the orbicularis oculi muscle to the
periosteum overlying Whitnall’s tubercle (Tenzel et al.,
1978). Flaps are dependent upon and limited by their vascular
supply. Rotational ﬂaps suffer form all of the problems asso-
ciated with external canthotomy and cantholysis but to an
even greater degree, as they recruit more tissue devoid of
lashes. They also produce a larger external incision which fur-
ther increases wound morbidity. Though the skin is mobilizedfrom nearby tissues, it is of different texture, thickness, and
sometimes color, resulting in a decreased cosmetic result.
Our internal cantholysis technique can sometimes obviate
the need for a rotational ﬂap.
For larger full thickness defects, the surgeon can also con-
sider a shared ﬂap procedure from the fellow ipsilateral eyelid.
A Cutler Beard ﬂap can be used for upper eyelid reconstruc-
tion by creating a full-thickness tarsoconjunctival ﬂap from
the lower eyelid (Holloman and Carter, 2005). An incision is
made along the lower eyelid approximately 4 mm inferior to
the eyelid margin, and corresponds in the length to the upper
eyelid defect (Holloman and Carter, 2005). Full-thickness ver-
tical incisions are created at the ends of the horizontal incisions
down to the level of the inferior fornix (Holloman and Carter,
2005). The medial and lateral edges of this ﬂap are sutured to
the corresponding edges of the superior wound defect. The ﬂap
is allowed to heal for 3–8 weeks (Holloman and Carter, 2005).
After this time, the lower eyelid is everted and the ﬂap is har-
vested. The harvested ﬂap is sutured into the superior wound
defect and the remaining lower eyelid tissues are repositioned
(Holloman and Carter, 2005). The Cutler Beard ﬂap has major
disadvantages including a lack of tarsus and semirigid support
tissue leading to entropion and ﬂap contracture as well as a
prolonged ocular occlusion period while the ﬂap stretches.
Also, the ﬂap recruits non-lashing bearing tissue and can lead
to keratinized skin which can abrade the cornea. The surgery
involves a prolonged healing time from its two stage proce-
dure. It rarely produces excellent cosmesis. We have used
our internal cantholysis technique to repair upper eyelid de-
fects that would previously have been repaired using the Cutler
Beard ﬂap.
Large lower eyelid defects may be repaired using an upper
eyelid tarsoconjunctival advancement ﬂap, the Hughes proce-
dure. This procedure shares similar disadvantages with the
Cutler Bread procedure (Holloman and Carter, 2005). Tarso-
conjunctival ﬂaps are an option for repairing the posterior la-
mella but require additional procedures to repair the anterior
lamella, such as a lower eyelid ﬂap or a full-thickness skin
grafting. Full thickness skin grafts are an option but host-site
complications occur as often as 16% of all cases (Leibovitch
et al., 2005). Major complications include graft hypertrophy
(45% of overall complications), contraction (29% of overall
complications), and failure (13% of overall complications)
(Leibovitch et al., 2005). Also full-thickness tissue grafts are
only a substitute for the anterior lamella of eyelid tissue but
cannot easily replicate posterior lamella mucosal functions or
anatomy (Leibovitch et al., 2005). We have used our internal
cantholysis technique to close defects that many surgeons
would close using a tarsoconjunctival ﬂap, obviating many
of these disadvantages.
Over the past few years we have developed a new technique
for closure of smaller eyelid defects using a transconjunctival
cantholysis to release the lateral canthal tendon cruces, thereby
avoiding the external incision while still allowing for eyelid
mobility (Lewis and Perry, 2009). The lateral canthal tendon
is easily accessed internally via our transconjunctival ap-
proach. With experience we have expanded its use from defects
less than 1/3rd of horizontal length to larger defects measuring
more than 2/3rd of the horizontal eyelid margin length in some
cases (Lewis and Perry, 2009). If internal cantholysis does not
recruit sufﬁcient tissue, it can easily be converted into a semi-
circular ﬂap to aid in wound closure.
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The procedure is performed under local anesthesia with mon-
itored anesthesia care. The local anesthetic solution includes
3–4 ml of 1% lidocaine with 1:100,000 dilution of epinephrine
and 8.4% sodium bicarbonate in a 1:10 ratio with 50 units
per 10 ml of hyaluronidase (Lewis and Perry, 2009). Direct
approximation of wound edges is initially attempted in all
cases and during this maneuver the decision to perform the
internal cantholysis is made (Fig. 1A and B). The lateral eye-
lid is held with digital tension to expose the temporal aspect
of the conjunctiva (Lewis and Perry, 2009). A horizontal
6 mm transconjunctival incision is made using electrocautery
approximately 4 mm inferior (or superior) to the tarsus, just
lateral to the lateral canthal tendon (Fig. 1C) (Lewis and
Perry, 2009). A Jaeger eyelid plate is placed adjacent to the
incision. Next, the electrocautery unit is used in a strumming
fashion to identify the ﬁbrous attachments and crus of the
lateral canthal tendon (Lewis and Perry, 2009). These attach-
ments are severed using the electrocautery unit (Lewis and
Perry, 2009). After the 3–6 ﬁbrous bands in the lateral can-
thal tendon retinaculum are severed, the eyelid is able to
medially advance for tissue closure (Lewis and Perry, 2009).
The defect is then re-approximated and closed (Fig. 1D).
The lateral transconjunctival incision is allowed to heal by
granulation.Figure 1 Illustrations depict a large right upper eyelid defect that will
approximation fails to adequately close the defect (B). The conjunctiva
eyelid lateral fornix and the superior crus of the lateral canthal tendon
is closed in standard fashion while the cantholysis incision is closed b3. Results
Initially we used this technique on small to moderate sized de-
fects, typically 1/3rd or so of the horizontal eyelid margin
length with excellent outcomes (Lewis and Perry, 2009). Our
initial report was based on 13 eyelids from 12 patients and
showed that the average defect size was 13.7 mm (range from
11 to 20 mm) (Lewis and Perry, 2009). Average age was
68 years old and average length of follow-up interval was
2.3 months (Lewis and Perry, 2009). There were no cases of
wound dehiscence and no cases of wound notching (Lewis
and Perry, 2009). One patient (1 of 12) developed temporary
lateral canthal dystopia which resolved on the six week visit
without further intervention (Lewis and Perry, 2009). One pa-
tient required reconstruction of both upper and lower eyelids
and the internal cantholysis was used with a Cutler Beard ﬂap
and glabellar ﬂap. There were no patients who required addi-
tional surgery (Lewis and Perry, 2009). The technique worked
best on patients with eyelid laxity and those having central de-
fects, not involving either the medial or lateral canthus. We
were able to advance an additional 1 cm of tissue in many
cases (Lewis and Perry, 2009).
Since our encouraging initial report, we have used this
internal cantholysis technique to close larger defects (Lewis
and Perry, 2009). Using this technique for defects 15 mm in
horizontal eyelid margin length or greater, we have foundbe closed using internal cantholysis (A). An initial attempt at direct
is incised approximately 4 mm superior to tarsus in the right upper
lysed with the monopolar electrocautery instrument (C). The defect
y granulation (D).
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about two dozen patients with larger defects, ranging from
15 to almost 25 mm in length. This technique successfully
closed each defect, but drawbacks do occur with increasing
horizontal defect size. Some patients develop temporary can-
thal dystopia immediately after surgery which typically re-
solves without further intervention. The dystopia results in
lateral canthal angle being pulled medially and inferiorly. In
addition to dystopia, some patients also develop wound notch-
ing when undergoing repair of larger defects using this tech-
nique. Presumably, notches here are due to excessive wound
tension even after maximal lysis of the tendon. In our experi-
ence, even these patients are relatively satisﬁed cosmetically,
especially given the anticipated outcome after alternative
reconstruction techniques for these larger defects.4. Discussion
We ﬁnd the horizontal palpebral length decreases up to several
millimeters after repair of a larger defect using our internal
cantholysis technique. However over time this length disparity
decreases. The reason this horizontal length disparity improves
over time may be related to the fact that eyelid tissue and skin
are dynamic and elastic (Marcus et al., 1990). The principle of
mechanical creep implies that when under constant stress over
time, there is an elongation of tissue beyond its intrinsic exten-
sibility. Mechanical creep represents a straightening of colla-
gen ﬁbers along a force vector (Petro and Niazi, 1996). The
amount of elongation is self-limited and beyond a certain level
collagen and tissue tear (Petro and Niazi, 1996). Presuturing,
balloon devices, intraoperative tissue stretching, and tissue
undermining all make use of mechanical creep (Petro and
Niazi, 1996). Mechanical creep is quite different from biologic
creep, which represents true tissue elongation (Petro and Niazi,
1996). Biologic creep requires not only new epithelial cells but
also collagen ﬁbers and structural tissue and occurs over a
longer time frame (Marcus et al., 1990). Creep may account
for the improvement in the horizontal length disparity over
time. Biologic creep may also underlie notching of the eyelid
margin that we had observed in very large defect repair using
the internal cantholysis.
The concept of stress relaxation states that a wound under
constant tension actually decreases its tissue stress (Bleiziffer
et al., 2010). This concept may also underlie the lateral re-posi-
tioning over time of the medially displaced lateral canthal an-
gle in cases of large defect repair after internal cantholysis. The
resultant distortion of the palpebral apertures is temporary for
small and moderately sized defects and the contraction of the
apertures is cosmetically and functionally acceptable in most
larger defects. Also, under the concepts of tissue creep and
stress relaxation, there is a signiﬁcant potential for tissue
expansion post-operatively leading to enlarged horizontal pal-
pebral measurements even in the case of larger defect closures.
Importantly, while complications increase with increasing de-
fect size using the internal cantholysis, these eyelids still have
no areas devoid of lashes as seen in other repair techniques
and even in cases of dystopia or notching, the cosmetic results
are still quite acceptable.
Direct closure of eyelid defects represents the most straight-
forward technique to repair any full-thickness eyelid defect and
provides maximal functional and cosmetic results. Thaller etal. (2001) showed that full thickness defects ranging in size
from 7 to 26 mm could be closed directly with minimal changes
to horizontal or vertical palpebral measurements and anatomy
(Petro and Niazi, 1996). We have found that occasionally even
larger defects can be repaired with direct closure.
Both tissue ﬂaps and external canthotomy with cantholysis
are excellent choices for tissue mobilization but are technically
slightly more difﬁcult and slightly increase wound morbidity.
The resultant external scar increases the suture load, surgery
time, and potential for deep granuloma formation. Often
non-lash bearing skin or skin of different texture is advanced
to close the defect.
Internal cantholysis represents an excellent option for
repairing smaller and even larger full thickness eyelid defects.
Eyelid mobility increases by 4–10 mm, sometimes more, and
allows for closure of defects larger than even 20 mm. The
procedure requires minimal equipment to create the trans-
conjunctival incision and lyse the ﬁbrous cruces of the lateral
canthal tendon. The technique adds only 2–3 min of addi-
tional surgical time and requires no additional sutures. The
tissue used in repair has similar color, texture, and thickness
as opposed to ﬂaps or full-thickness skin grafts. Also, the
tissue mobilized is lash-baring. The resultant distortion of
the palpebral apertures is usually temporary and the contrac-
tion of the tissues is functionally acceptable. Even signiﬁcant
early canthal dystopia often improves over time. Internal
canthotomy represents easy to learn, reproducible, and pow-
erful technique to mobilize eyelid in full thickness defect
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